A mathematical model allowing establishing regularities in the consolidation processes of fine-grained concrete mixtures with different mobility and compaction methods has been worked out. This study is based on two-phase systems and nonlinear character of their consolidation. It resolves the question of the choice of vacuumizing optimal parameters and axial pressing in layers for molding of thin-walled products such as concrete roof tiles and concrete pipe products. Finally, we can get products without heat treatment by the materials and energy-saving technologies.
the load on reinforced concrete structures of transport objects, bridges, overpasses, tunnels, and deformation of these structures, thus requiring constant repair. It is known [3] that after a long operation local defects in the concrete cover appear in the elements of reinforced concrete bridges. It assists to protect the steel bars. The whole evolution of the improvement of the concrete structure to increase its strength is associated with a decrease in the size of coarse aggregate from 20-40 to 3-10 mm [4] . Thus, fine-grained concrete is increasingly in demand. Fine-grained concrete is used for production of load-bearing elements of concrete and reinforced concrete structures. As it is known, the structure of concrete is the main and determining factor of its physical-mechanical properties. It is compacted both during the molding and curing processes. The period of formation of the concrete structure and its properties depend on the composition of the initial materials and the method of molding [4 -7] .
For the selection of optimal parameters of effective methods for compacting concrete and mortar mixtures, a mathematical model with the establishment of appropriate regularities in the course of these complex processes is important for theoretical justification.
The object of the authors' research is thin-walled products in the form of concrete pipes (circular and trough configuration) and flat concrete tiles. In Ukraine, as well as in the world, there is a great demand for roofing materials and materials for water disposal and land reclamation. Concrete materials of this functional purpose allow replacing expensive ceramic tiles and pipes, as well as environmentally unsafe asbestos-cement materials.
By analogy with the study of consolidation processes in soils, this paper is based on the biphasic of concrete systems: solid and gaseous one in rigid mixtures and solid and liquid one in ductile [3] . At the first stage, consolidation, the particles of the "skeleton" are mechanically approached and the material acquires new properties, in particular the structural strength R str without chemical transformations of the clinker minerals that make up the molding mixture. At the hardening stage, active crystallization processes take place, in the result of which the material of building products acquires specified properties (strength, density, etc.). The problems of accelerating the molding process, both at the first and second stages, have great importance for the theory and practice of obtaining building materials and products.
The solution of the nonlinear equation of consolidation allows us to link process parameters, load, time of its application, thickness of the layer of the material compacted, with the physical and mechanical characteristics of the molding mixture obtained on the basis of an experimental study of samples of the mixture at a compression test. The processing of results allows us to establish the dependence of the relative porosity ψ on the effective pressure σ eff , the filtration coefficient K f on the relative porosity, and on the basis of the obtained data to calculate the constants for each mixture composition. It is essential that the description of the consolidation process of molding mixtures is carried out within the framework of a mathematical model for mixtures of various mobility both tough and low-plastic ones.
Research and discussion of the results
The process of molding mixture compaction is similar to soil compaction in the approach of the particles of the composite (crushed stone, sand, cement and bound water) with filtration of the medium filling the gaps in the skeleton. If the mixture is rigid, is air (axial pressing by layers) if it is plastic (vacuumizing) the filtered medium is the water-cement mixture. In the end of the consolidation process, when the particles will be closer to the contact of the bound water shells (the end of the filtration process) the material acquires new properties and, most importantly, structural strength, which allows removing mold forms immediately.
Further increase in the applied load (vacuum) does not lead to changes in mechanical properties, since even a high-pressure fluid application cannot delete associated fails. The consolidation process is very fleeting, thus, the more rigid moldable mixture, the faster it compacts Thus, in the case of axial pressing in layers, the compaction of a layer up to onecentimeter-thick takes less than a second, and in the case of vacuumizing, it takes 5-7 seconds. This makes it possible to disregard processes of dissolution and hydrolysis of the initial particles of the binder and, especially, crystallization of calcium hydro silicate and calcium hydroxide in the pore electrolyte, but the binder is water, and there are processes of dissolution and hydrolysis of the initial, especially small particles of the binder, and formation of contacts between original particles and ones of a new formation [5] . The material constants can be determines as follows
where h is the thickness of a compacted layer; C k is the coefficient of consolidation in compression; t is the loading duration; θ = ce -0.5 (T-1) q ; q is the compression pressure; a, n, α are dimensionless parameters determined by compression testing and incoming depending on
Relating the degree of compaction of the concrete mix with the process parameters compression tests of fine mixtures were held at different values of w/c and humidity of a mixture as shown in Table 1 below. There are specified values of structural strength R str determined experimentally. Compression tests were carried out in a cylinder of a diameter of 51 mm with a pressure from 0.1 to 0.5 MPa, stepwise, with a uniform step of 0.1 MPa, which completely covers the range of pressures used for axial pressing in layers. A vacuum mold form with dimensions of 20×20×5 cm was also used for tests of fine-grained mixtures compacted by vacuumizing. The range of generated vacuum pressures is from 0.02 MPa to 0.1 MPa with an interval of 0.02 MPa, which corresponds to the values of generated pressures in the molding of concrete roof tiles. As shown by compression studies of concrete mixtures in a wide range of composition and humidity changes [4] , the coefficient of initial filtration о f К values from 1.8×10 -7 to 7.4×10 -7 . The graphical dependence of the relative porosity on the effective pressure for mixtures 1-5 is shown in Fig. 1 in semi logarithmic coordinates. 
Conclusions
It has been established that, when molding concrete roof tiles, the application of the linear compaction theory leads to an increase of the vacuumizing time necessary to obtain a given structural strength. Thus, when the shingles are formed with a specified structural strength of 0.42 kg/cm 2 and a thickness of 12 mm at the vacuum pressure 0.05 MPa, the time required for the nonlinearity process is 9 seconds, and according to the linear theory it is 15 seconds. Thus, the nonlinear model for the consolidation processes of solution and finegrained mixtures, compacted by vacuuming and axial pressing in layers, proposed by the authors, makes it possible to obtain thin-walled products with a sufficiently high structural strength without thermal treatment in terms of material and energy-saving technologies.
